

m\ IntPrnati 



tional Aoplication Number: 



(22) International Filing Date: 



10 July 1998 (10.07.98) 



(30) Priority Data: 

972989 



14 July 1997 (14.07.97) 



Fl 



TOMATION INC. [FI/FIJ; Panuntie 6, FIN-00620 HelsmKi 
(FI). 

(75) Inventor/Applicant [for US °"Wi,^*^H^' ^ a '* 10 C^^' 
Kuupellonkatu 4, FIN-33730 Tampere (FI)- 

(74) Agent: KOLSTER OY AB; Iso Roobertinkatu 23, P.O. Box 
148, FIN-00121 Helsinki (FI). 



(8i) nrt^Bv AM «^ 

RO, RU^ S*SE SO ^ • SK. SK 
(Utility model), SL, TJ, TM, JR. TT, UA. UG, US, UZ, 
VN, YU, ZW. ARIPO patent (GH, GM, KE, LS, MW, SD, 
SZ UG ZW). Eurasian patent (AM, AZ, BY, KG, KA mu, 
RU TJ TM European patent (AT, BE. CH, CY, DE DrC 
ES FI FR OB. GR, IE, IT, LU. MC, NL, PT, SE> OAPI 
patent (BF, BI, CF, CG, CI. CM. GA, GN, GW. ML. MR, 
NE, SN, TD, TG). 



Published 

With international search report. 
In English translation (filed in Finnish). 



CONTROL 



F, P,S 



BW t Moi 
(MEASURED) 



QADE CHANGE 
DATA 



(MEA SURED), 



RAMP 

OPTIMIZATION i 
AND CONTROL < 


>— — — — ? 




GRADE C 
ACTIVAT 
CONTRC 


CHANGE 

ION 

IL 



GRADE CHANGE 
MONITORING AND 
ESTIMATE 
J CALCULATION 



MONITORING 
TRENDS , 



HISTORICAL DATA 
OF GRADE CHANGE, 
SUCCESS 



MODELS 



HISTORICAL DATA 
OF SUCCESSFUL 
GRADE CHANGE 



GRADE CHANGE 
MODELS 



MODELLING AND 

MODEL 

UPDATING 



PREVIOUS GRADE COMPLETED 
NEW GRADE / DATA THEREON 



(57) Abstract 

i atoMi bj Mining. i« *«**. mp> <« dl S ™ aflo dm >K«i succtssM gmfc cl»ng t s is s*«d .«i 

change models. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the 



front pages of pamphlets publishing international applications under the PCT. 



AL 

AM 

AT 

AU 

AZ 

BA 

BB 

BE 

BF 

BC 

BJ 

BR 

BY 

CA 

CF 

CG 

CH 

CI 

CM 

CN 

CD 

CZ 

DE 

DK 

EE 



Albania 

Armenia 

Austria 

Australia 

Azerbaijan 

Bosnia and Herzegovina 

Barbados 

Belgium 

Burkina Faso 

Bulgaria 

Benin 

Brazil 

Belarus 

Canada 

Central African Republic 

Congo 

Switzerland 

Cote d'lvoire 

Cameroon 

China 

Cuba 

CzectuRepublic 
Germany 
Denmark 
Estonia 



E5 

Fl 

FR 

GA 

GB 

GE 

GH 

GN 

GR 

HU 

IE 

IL 

IS 

IT 

JP 

KE 

KG 

KP 

KR 
KZ 
IX 
U 
LK 
LR 



Spain 
Finland 
France 
Gabon 

United Kingdom 

Georgia 

Ghana 

Guinea 

Greece 

Hungary 

Ireland 

Israel 

Iceland 

Italy 

Japan 

Kenya 

Kyrgyzstan 

Democratic People's 

Republic of Korea 

Republic of Korea 

Kazakstan 

Saint Lucia 

Liechtenstein 

Sri Lanka 

Liberia 



LS 

LT 

LU 

LV 

MC 

MD 

MG 

MK 

ML 
MN 
MR 
MW 
MX 
NE 
NL 
NO 
NZ 
PL 
PT 
RO 
RU 
SD 
SE 
SG 



Lesotho 

Lithuania 

Luxembourg 

Latvia 

Monaco 

Republic of Moldova 

Madagascar 

The former Yugoslav 

Republic of Macedonia 

Mali 

Mongolia 

Mauritania 

Malawi 

Mexico 

Niger 

Netherlands 

Norway 

New Zealand 

Poland 

Portugal 

Romania 

Russian Federation 
Sudan 
Sweden 
Singapore 



SI 
SK 
SN 

sz 

TD 

TG 

TJ 

TM 

TR 

TT 

UA 

UG 

US 

uz 

VN 
YU 

zw 



Slovenia 

Slovakia 

Senegal 

Swaziland 

Chad 

Togo 

Tajikistan 

Turkmenistan 

Turkey 

Trinidad and Tobago 

Ukraine 

Uganda 

United States of America 

Uzbekistan 

Viet Nam 

Yugoslavia 

Zimbabwe 



WO 99/04090 



PCT/FI98/00585 



1 

METHOD AND APPARATUS FOR EXECUTING GRADE CHANGE IN PAPER 
MACHINE 

The invention relates to a method for executing a grade change in a 
5 paper machine, in which method target ramps are determined in advance or 
controlled variables of the process, which are ramped according to sa,d target 

ramps during the grade change. 

Further the invention relates to an apparatus for executing a grade 
change in a paper machine, the apparatus comprising control means that 
10 contal target ramps, wh,ch have been defined in advance tor the con.ro 
variables of the process and according to which the vanables are ramped 
during the grade change, 

A grade change in a paper machine means changing the paper 
grade currently produced into another grade of paper. A grade change is 
15 carried out by simultaneously changing different process variables, such 
basis weight and moisture, to correspond to the targe, values of the new pape 
grade The change is executed while the paper web is running through the 
machine. The product produced during a grade change usua»y ends up a 
broke and therefore grade changes should be as fast as P"***"*** 
20 complicated nature of the process and the interdependence of the d ffe en 
variables, a grade change is very difficult to execute. The runs of differen 
paper grades to be produced are often rather small, which results ,n freouen 
rade changes, and on the other hand the running speeds of paper machines 
are high and therefore the time used for a grade change should be minimized. 
25 Grade changes should no. produce breaks in the paper web either. 

US Patent 3,886,036 discloses an open loop grade change 
solufcn, wherein targe, ramps are determined in advance for the con.ro e 
variables of the process, such as machine speed, stock flow, head 
pressure and s.eam pressure, and .he grade change is executed adding to 
30 these target ramps. Determining the target ramps requires the deveiopmen of 
process models. Further, the open loop arrangement is criticized ,n the US 
patent since in practice the process models depend on assumptions ma e 
during the modelling, which means that when the conditions change slightly 
the assumptions are no longer valid and the grade change is not very 
35 successful. Another problem set forth in the patent is for example that a slight 
change in the properties of the pulp causes such an alteration in the conditions 
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that the grade change model does hot work well anymore. As a solution to 
problems, the US patent discloses a closed loop ^ grade ca 

arrangement, which suggests comoirang »« ~- " 

moisture such that adjusting one vanable does not cause a great change 
5 the other variable. According to the US patent, such a grade change can only 
be carried out when the following restrictions apply: 

1 ) the steam pressure is kept constant during the grade change 

2) the machine speed is calculated by the control loops, i.e. in 
practice the only variable altered during a grade change is the basis we.ght 

10 Z a grade cLnge is called dryer limited grade change. A change .njhe 
basis weigh, is also connected to cause a corresponding change ,n the *. o 
the head ox. The machine speed is adjusted to maintain the mo.sture a 
desired vaiue. Such closed loop grade changes do no. operate smoothly, 
which means that a grade change takes too much t,me 
15 Japanese patent publication 6.071,793 d.scloses an apparatus for 

controlling the changing of a paper grade in a paper machine. ,n wh, 
apparatus the speeds of different parts o, the paper mach.ne 
a ring the draw with respect to a change in the bas,s we,ght. The p mum 
model is calculated and it is optimized during the grade change. . s no 
20 disclosed how the other process variables are taken ,n o ace unt J 
apparatus according to the Japanese paten, P ub„ca.,on make poss b 
,„ optimise the draw, but this arrangement is no. good enough cons,denng the 
speed and overall control ot the grade change. 

The purpose of the present invention is to provide a method and an 
25 apparatus which provide a fast and controlled grade change ,n a paper 

maChinS ' The method according to the invention is characterized by collecting 
data about the grade changes already executed and .herder determm, ng 
grade change modets by selecting the data about successfu grade cha ges 
30 and by determining the targe, ramps by means of .he grade change models^ 
Further, the apparatus according to the invention ,s charactered " 
,ha. the targe, ramps supplied .o the control means have been determine by 
means of grade change models deflned on the bas.s of successful grade 

35 Ch3ngeS ' The basic idea of the invention is that a grade change is executed 
by determining targe, ramps in advance for .he controlled variables of the 
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process by means of grade change models determined for the process output 
variables, and the control variables are ramped during the grade change in 

, , --.i. Cnr+hor it ic oQQPntial that the 

accordance witn me aetermineu icnyoi .amp*. • < ■■ - 

grade change models are determined by collecting data about the grade 
5 changes that have already been executed and by thereafter using as grade 
change models the grade change models determined on the basis of the 
successful grade changes. Individual grade change models are defined for 
different types of changes, for example an increase or decrease in the basis 
weight Further, the idea of a preferred embodiment is that during a grade 
10 change the target moisture, is predicted through modelling by taking into 
account the effective production rate and the effective steam pressure and by 
comparing the estimate to the moisture measured, whereupon the feedback 
provides a disturbance variable which is monitored throughout the grade 
change, which means that external disturbance should be eliminated during 
1 5 the grade change or the ramps are corrected by the disturbance detected. 

The invention has the advantage that a grade change can be 
executed rapidly and the process is well controlled during the grade change so 
that there are for example very few breaks. By estimating the moisture it is 
possible to determine the grade change model more accurately and to 
20 eliminate, if necessary, changes in the original values. The arrangement 
according to the invention enables the activation of a grade change before the 
run of the previous grade of paper has been completed and ensures that the 
paper moisture does not change too much during the grade change and does 
not thus prevent the operation of the subsequent process steps. The mvent.on 
25 provides a very rapid and accurately controlled grade change that is executed 
by means of simple grade change models, which means that the modelling 

and tuning is also relatively easy. 

The invention is described in greater detail in the attached draw.ngs 

in which 

30 Figure 1 is a schematic diagram of a grade change model according 

to the invention for predicting moisture, 

Figure 2 is a schematic diagram of a grade change model accord.ng 

to the invention for predicting the basis weight, 

Figure 3 is a schematic diagram according to the invention of 
35 utilizing grade change models in grade changes, and 
Figure 4 shows examples of target ramps. 
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Figure 1 shows a grade change model according to the invention. 
The grade change model is an application of dynamic models and partly 

,M ^ y * a ;^nHoH tn describe 

of state models wherein the graaecnanyeii, uu <=i — ~ ----- 

the dynamic behaviour of the process sufficiently accurately dunng the grad 
5 change. Thick stock is supplied to a paper machine via a wire p,t s,lo 1. In the 
wire it silo 1 , water is mixed into the thick stock to adjust the 
suitable level. Before the stock is supplied to a headbox 3, coarse partde 
and air are removed therefrom with cleaning means 2. From the hea box 
the stock is supplied into a former section 4, where a fibre web 5 . fcm-d 
,0 from the stock. The fibre weh.5 is dhed in a dryer section 6a fo owed by flr . 
scanner 7a for measuring for example the moisture Moi. of the f,bre web 5 
There may also be a second dryer section 6b and a second scanner TfcA 
paper machine, which in the present application refers to both paper 
board machines, also comprises for example a press section and a re ^ n 
15 » may also comprise e.g. size presses or a calender, which are no. torn * 
the attached figure for the sake of clarity. Furthermore, the operation of a 
paper machine is known per se for a person skilled in the art and therefore ,t 
will not be described in greater detail in this connection. 

,n a grade change model according to the invention for estima tng 
20 the moisture, the input variable is the stock flow F. Theoretically this i. Mh. flow 
of the dry matter of the stock, but if the consistency Cs is known an cons ant 
, is also possible to use the measured stock flow F or the flow 
compensated b, the measured consistency. The stock flow F can be 
converted for example through calculation into a 3-percent v*u . R£ 
25 Transfer function G11(s) is used to determine from the stock ow F the My 
retentive 3-percen. flow Ft that flows from the hea box . he 
Alternatively, the modelling can be carried out until the end of the pes 
section, in which case the grade change model is no. as accurate as port*. 
,n mos. cases transfer function G1 1 (s) can be described sufficiently accurately 
30 with equation 1 



Y(s) Ke' ns (1) 



When G(s) is the process transfer function on s domain, Y(s) is the Laplace 
35 transform of the process output, X(s) is the Laplace transform of the process 
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input K is the process gain. Td is the process dead time and , is the process 
Z oonstant. According to equation , , process transfer functron G,^a,„s 

^ ^ +ho innnt Y(s) cnanae as 

data on how the different frequency cu.i V u.~ r - . _ 

they pass through the process. Correspondingly, transfer function G(s) can be 
5 calculated when the output Y(s) and the input X(s) are known. According o 
the invention, the controlled variables used in a grade change are ramps, 
that the frequency components of the input in the model acoord.ng to equation 
1 ell be adjusted b, means o, the shape o, the ramp. When a typica process 
model is being modelled, an input with a more varied frequency band ,s used. 
,0 Such modelling in turn results in more competed models that are »yp, 
required in running certain grades when using feedback controls In th case 
o, transfer funcfion 011 (ft the process gain K = 1 if the removal of mass for 
example in centrifugal cleaners is not taken into account. The dead t,me Td 
describes the propagation time of the material through the process, and the 
15 '"constant ^clbes the mixing in ,e process with .model compns, 
one ideal mixer. It is evident for a person skilled in the art how G(s). Y(s) and 
X(s) are converted into a frequency domain and a time domain by ' us.ng the 
Laplace and Fourier transformers and feedback transferrins. The 
correlates between the process input and output can be escnbed ^ 
20 several different techniques in a manner known per se. S.nce the essenlal 
feature in the present invention is the process grade change modeUe. he 
inputs and outputs of the process step and the correlations between then, he 
present application only utilizes transfer function models (Laplace « — 
evel s) to describe the structure of a grade change model. One and the same 
25 correlation described by a grade change model can be presented w,.h several 
different mapping methods, if necessary. 

If grade change models with better dynamics are to be obtamed ,n 
connection with transfer function G1 1 (s), equation 2 is used 

_rt£ fe"" (2) 
30 G < s '- .V(j)"(l+e)(l+«) 

since it takes better into account the mixing in several stages. 
Correspondingly, if the purpose is to model in greater detail the effect o he 
retention when using poorly retentive substances, transfer functon G11(s) 

35 be described by equation 3 
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6 



G(5l = M = ^ + ^_ (3) 



wherein the first part of the transfer faction typically describes the prion 
5 remaining direct on the wire and the second pan of the funCor , es *e 
the inadequately retentive flow passing once or several t,mes through the w,re 

P " S "° 1 In connection with the stock flow it is also possible to take into 
account the effect of other vanables, such as variation in the filler and/or (he 
10 flow in the other headboxes if the apparatus comprises several head boxes^ 

The machine speed S is measured, and the speed of the former 
section, i.e. the speed with which the fibre web 5 is formed on the win, is used 
as machine speed. Dividing the flow F1 passing onto the w,re by t e current 
machine speed 81 provides the calculated basis weight BW1 on . *> + 
15 Transfer function 612(8) describes the transport delay of the matenal 

. „om the headbox 3 to the caicu.ated centre or to the end o, the dryer sec on 
6a, depending on the accuracy desired. Transfer funCon G12(s) hus 
provides the basis weigh. BW2. Transfer function G12(s) ,s descnbed by 
equation 4 



20 



G(s) = Ke 



(4) 



Process gain K of this section is typically 1 if the grade change model does not 
take into account the stretching of the web and its shrinkage caused by d. rw 
25 The propagation time depends on the wire speed or it is constant and 
descls the average speed of the web. There is naturally no 
constant in such a transport process. An instantaneous production rate TN can 
be obtained by multiplying the basis weight BW2 determined above by the 

current machine speed S2. 

30 However, the instantaneous production rate TN for dry.ng does not 

describe sufficiently the need for drying since the heat content on the dryer 
section 6a can be utilized during a grade change. Further, water « removed 
from the paper during the entire drying stage and therefore it must be noted 
that water is removed specifically from the remaining water content and as the 

35 moisture decreases the remova. of water becomes slower. Effective 
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production rate effTN describes the amount of discharged water in the 
constant initial moisture. The effective production rate effTN is obtained from 

-«a-k tm ku moone nf trancfpr function G13(s). 

me iribldlUdliCUUS jjiuuu^uun iolu in ~j -- - - 

Transfer function G13(s) describes the effect of the material flow passing 
5 through the dryer section 6a and the variation therein on the drying process. 
This means changes for example in the surface temperatures of the cylinders 
and in the moisture of the felt during grade changes. Transfer function G13(s) 
is typically as shown either in equation 1 or 2, which means that at this stage 
the dead time is almost non-existent and the mixing time constant is rather 
10 long. 

Steam pressure P of the drying stage is measured from the dryer 
section 6a. The data required is the drying energy introduced into the drying 
process. The steam pressure P describes the amount of heat supplied to the 
drying process. If desired, the steam consumption can be used to describe the 
15 drying energy supplied to the process. In new drying arrangements it is 
possible to use several different dryer sections and therefore each section 
must be provided with its own grade change model since different drying 
methods have different dynamics. Effective steam pressure effHP describes 
the amount of heat supplied to the drying process. The effective steam 
20 pressure effHP is obtained from the steam pressure P by means of transfer 
function G2(s). Transfer function G2(s) is as shown in either equation 1 or 2, 
depending on the drying arrangement used. If there are several dryer sections, 
each section must be provided with an individual grade change model and the 
effect of each variable on the drying must be cumulated. In such a case the 
25 modelling is naturally more difficult, but it is also possible to execute grade 
changes preferably such that only one dryer section is used in the grade 
change control and the other sections are kept in a steady state. 

Since the machine speed S changes during the entire drying stage, 
it is necessary to use a machine speed describing the drying time, e.g. the 
30 average rate of drying. Effective machine speed effMS is obtained by means 
of transfer function G3(s). This concerns the effect of tension and other 
corresponding alterations related to a change of speed on the drying process 
itself or on the heat transfer. It is possible to use for modelling the time the 
paper remains in the dryer section or the corresponding average speed or 
35 transfer function G3(s) according to equation 3. If the changes in speed are 
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small or otherwise inconsequential, the effective machine speed effMS can be 
ignored. 

tha nroHo rhanne as 

unanges occumny m yivcn vo^^^ ^ 

well as unknown variables, such as moisture after the press section, changes 

5 in the stock, freeness and the ash content etc, and their effect on the 
estimated moisture Moi%est are taken into account by means of one state 
variable, namely effective press moisture K4. This means that variations 
occurring during a grade change are seen as calculation errors in the grade 
change model since they are outside the scope of modelling. The modelling of 

10 the effective press moisture ,K4 can be executed for example such that the 
moisture value obtained from the previous measurement cycle is compared to 
the moisture value provided by the grade change model, and the effect of the 
error detected in the model is corrected to the effective press moisture K4 by 
means of transfer function G4(s). Since the paper moisture during a grade 

1 5 change can be measured, transfer function G4 is as shown in equation 5 

G{s) = Ks-\ (5) 

In this case the difference between the measurement and the grade change 
20 model is integrated to obtain a correction signal, namely the effective press 
moisture K4. If no feedback data, which means the measured moisture, is 
available during the grade change, variable K4 is not updated but it is kept 
constant either in the value calculated last or in the value obtained through 
modelling. 

25 A grade change model estimating the moisture has the form 

Moi%est = KV effTN + K2 * effMS + K3 * effHP + K4. Constants K1, K2 and 
K3 are process gains modelled from previous corresponding grade changes. 
Process gains K1 , K2 and K3 are only modelled by means of successful grade 
changes that have been fast enough and that have rapidly reached a steady 

30 state. Furthermore, grade changes are grouped according to the grade 
change to be executed, which means that models are determined according to 
whether for example the basis weight and the moisture are to be increased or 
decreased and so forth. Successful grade changes are then modelled and a 
database of the successful grade changes is collected. 

35 Successful ramping is ensured by means of a grade change display 

showing the planned grade change as a function of time as regards both the 
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input and the output variables. Disturbance variable K4 is monitored during the 
grade change and external interference is preferably eliminated or the ramp 

^^^A k« tha ; n to rf oremr.P Hfttected. 

Vdiuco cm c wwi iv^wiww ^ j «.••-' ■ — - 

The different controlled variables of the process are guided to their 
5 new values most preferably by means of linear ramps, in which case the 
adjustment and the execution of the grade change are simple. 

When a grade change is started, the moisture value typically 
changes and it is set at a predetermined level after the grade change. Usually, 
when the moisture reaches the desired value, the grade change has been 
10 executed successfully, after which the normal controls of the paper mach.ne 
are switched on to control the production in a normal situation after the grade 
change. 

The moisture Moi b that is to be measured after the second dryer 
section 6b or the secondary dryer section, measured for example from the 
15 second measuring beam 7b, can also be estimated according to the above- 
described principle, except that the moisture Moi a measured from the first 
measuring beam is also available. It is also possible to measure the basis 
weight BW b from the second measuring beam 7b. 

The basis weight is estimated by means of the grade change model 
20 shown in Figure 2, wherein effective basis weight BW3 is calculated by means 
of transfer function G14(s) from the calculated basis weight on the lip BW1, 
used for modelling the moisture. Transfer function G14(s) is usually as shown 
in equation 4, wherein the dead time represents the combined dead time of 
the machine and the basis weight measurement, and process ga.n K takes 
25 into account the change caused in the basis weight by both the stretch.ng of 
the web and its shrinkage due to drying. 

Oven-dry basis weight ODBW is calculated from the measured 
moisture Moi and the basis weight BW in a simple manner for example by 
means of equation 6 



30 



(100- Moi) (6 \ 
ODB W = - — — * B W \Ph 



100 



Transfer function G15(s) is used to calculate the effective basis weight 
correction BW4. 

35 The input of transfer function G1 5(s) is the deviation 

ODBW - BWest. 
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10 



Transfer function G15(s) is also an integrator, which means that it is as shown 
in equation 5 and it corrects mainly the calibration errors of the measurements 

.. .. . f nmrocc hv constituents 

and the errors causea in me nww ua.au^ r * 

removed from or added to the process. The basis weight to be estimated 
5 BWest is calculated in a simple manner 



BWest = BW3 + BW4. 

Figure 3 shows the use of grade change models in grade changes. 

10 In block 8, estimates are calculated for the basis weight BWest and the 
moisture Moi%est from the ramps scheduled before the ramp act.vat,on by 
using the' effective press moisture K4 in modelling the moisture and the 
effective basis weight correction BW4 in modelling the basis we.ght. After the 
ramping has started, the system uses both ramps that have proved to be 

15 useful in the past and ramps that have not yet come true and that are used to 
estimate the future. The development of the effective press moisture K4 and 
the effective basis weight correction BW4 are also monitored throughout the 

grade change. , 

In block 9, if no correction measures were required during the grade 
20 change (which data is obtained from block 13), the grade change is declared 
successful and the data and trends concerning the grade change are stored in 
a database for successful grade changes. If reramping was requ.red, the 
grade change is stored in a database for reramped grade changes. The 
operator acknowledges a grade change to be completed when the key 
25 variables of the process are within the new limits. If the grade change has not 
been acknowledged to be completed after the ramping is over and the quality 
controls are switched on, the grade change has not been successful. 

Block 10 comprises the modelling and updating of grade change 
models. The grade change models shown in Figures 1 and 2 can be 
30 recalculated with a known modelling method either at regular intervals or or 
example when the operating point of the paper machine has changed, i.e. for 
example when the machine speed has become substantially faster than 
before. The modelling may be complete or only some variables may be 
modelled. These variables are typically process gains K1, K2 and K3 in the 
35 moisture model. 
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Modelling is usually started by sorting the material to be modelled 
according to the changes that have been made and the operating point used^ 

.. . .. .j i., »k« nroHo rhannps stored 

The material to be modelled iypicany muuuco «...,«- a - 

in the database for successful grade changes. 
5 The database of block 11 contains the grade change models 

required, their parameters and the data concerning the areas of operation. The 
starting point in these grade change models is the area of operation of he o d 
grade and the grade change model is defined more accurately according to 
the change from the old grade to the new grade. 
10 Block 12 describes, the activation and control of a grade change^ 

When a predetermined time of running the old grade is left, typically about 30 
minutes, preparation for a grade change is started. At this point the old gnfe 
the new grade and other data concerning the new grade are.available. Block 
13 comprises calculating, by means of the models of Figures 1 and 2, ramps 
15 that may be for example as shown in Figure 4. 

In Figure 4, the upper chart shows schematically, as a function of 
time t the basis weight BW obtained as output. The three lower charts 
describe different target ramps similarly as a function of time t. The uppermost 
of the target ramps is the ramp for the stock flow F, the middle one is the ramp 
20 for the machine speed S and the lowest one is the ramp for the steam 

Pr6SSUre P |'n the chart showing the basis weight BW, the lower dot-and-dash 
line describes the upper limit of the old target value for the basis weight BW 
and the upper dot-and-dash line describes the lower limit for the new targe 
25 value. The old grade is produced until moment t, namely until the bas.s weight 
BW exceeds the upper limit of the old target value, which occurs .n point BY. 
The new grade is produced after point BA, where the basis weight BW has 
exceeded the lower limit for the new target value. The ramping is activated 

from moment t v f 
30 The ramps can be calculated by optimizing the transition po.nts of 

the ramps by using as a cost function the period of time during which the basis 
weight is not within the desired range, which means the .interval from BY to 
BA and the moisture difference signal from the desired given value. The 
moisture difference signal refers to the difference of the moisture target value 
35 and the moisture estimated by the grade change model from the desired 
moisture value. The transition points of the ramp for the stock flow are 
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described by FA and FL, the transition points of the ramp for the machine 
speed by SA and SL and the transition points of the ramp for the steam 

_ . . ~. ~, __i r x: -c+u^ rv^nir+.iro HifforonPP mftSSaae 

pressure oy rM anu n. i n« ^uai iuimiu.. ^. ...w 

may be non-linear and it may also depend on the point of operation. This is to 
5 stress the importance of avoiding the risk of breaks during a grade change. 

The ramps can also be determined in the following manner, for 

example: 

1) The moment of activating the ramping is typically a few minutes 
before the previous grade run is completed. This moment is 

1 o determined by the grade change moment. 

2) The moments of activating the ramping for the stock flow, the 
machine speed and the steam pressure FA, SA, PA are delayed in 
a predetermined manner. This delaying has been determined either 
through simulation or process tests. 

15 3) The greatest allowed rate of change has been determined for 

each variable. This rate of change may be different during ramping 
in different directions. Typically, for example when the steam 
pressure P is increased, the rate of ramping is higher than when the 
steam pressure P is decreased. 

20 4) The change in the machine speed S is calculated from the grade 

data. 

5) The change in the stock flow F is calculated by means of the 
static process gains of the grade change model shown in Figure 2. 

6) The change in the steam pressure P is calculated by means of 
25 the static process gains of the grade change model shown in Figure 

1. 

7) The final moments of the ramps FL, SL and PL are calculated 
and if the changes are exceptional, some velocities of ramping 
might have to be decreased so that the ramps would be ready 

30 within the predetermined time limits. 

The propagation of the ramps is monitored and particularly the 
development of the effective press moisture K4 and the effective basis weight 
correction BW4 are observed. If the variation in these two variables is found 
too great during a grade change or if the estimated basis weight BWest or the 

35 estimated moisture Moi%est do not stay within the desired window of change, 
it is possible to activate recalculation, which means that the final points of the 
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ramps are recalculated. Such ramps remodelled at the end of the ramping are 
shown, by way of example, by broken lines in Figure 4. Such recalculation can 
...u-u*.j *~ „rw=,r*tnr fnr annrnval or it mav also be executed 
immediately. If the raramping has been carried out, this data is taken into 

5 account in block 9 shown in Figure 3. 

The drawings and the related description are only intended to 
illustrate the inventive idea. The details of the invention may vary within the 
scope of the claims. In the drawings, the blocks containing the transfer 
functions and the formulas also describe the calculating means utilizing these 

1 0 transfer functions and formulas in the calculation. 
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CLAIMS 



1 A method for executing a grade change in a paper machine, in 
which method target ramps are determined in advance for controlled variables 

5 of the process, which are ramped according to said target ramps during the 
grade change, characterized by collecting data about the grade 
changes already executed and thereafter determining grade change models 
by selecting the data about successful grade changes and by determ.n.ng the 
target ramps by means of the grade change models. 

10 2 A method according to claim 1 , c h a r a c t e r i z e d in that a 

grade change model comprises estimating the moisture (Moi%est) during a 
grade change by means of the formula 

Moi%est = K1 * effTN + K3 * effHP + K4, 

wherein 

1 5 effTN is the effective production rate, 

effHP is the effective steam pressure, 
K4 is the effective press moisture 
and process gains K1 and K3 are modelled by means of successful grade 

changes. 

20 3 A method according to claim 2, c h a r a c t e r i z e d in that the 

effective machine speed (effMS) that has been multiplied by process ga.n K2 
modelled from the successful grade changes is taken into account in 
estimating the moisture (Moi%est). 

4. A method according to any one of the preceding claims, 
25 c h a r a c t e r i z e d by using linear ramps for controlling the variables. 

5 A method according to any one of the preceding claims, 
c h a r a c t e r i z e d in that a grade change model comprises estimating the 
basis weight (BWest) during the grade change with the formula 

BWest = BW3 + BW4, 



30 wherein 
and 



BW3 is the effective basis weight 



BW4 is the effective basis weight correction. 
6. An apparatus for executing a grade change in a paper machine, 
35 the apparatus comprising control means that contain target ramps, which have 
been defined in advance for the controlled variables of the process and 
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according to which the variables are ramped during the grade change, 
characterized in that the target ramps supplied to the control means 

nf nrade chanae models defined on the basis 

of successful grade changes. 
5 7. An apparatus according to claim 6, characterized in that 

the control means comprise calculating means for calculating the moisture 
(Moi%est) included in a grade change model, such that 
Moi%est = K1 * effTN + K3 * effHP + K4, 

wherein 

10 effTN is the effective production rate, 

effHP is the effective steam pressure, 
K4 is the effective press moisture 
and process gains K1 and K3 are determined by means of successful grade 

changes. 

! 5 8. An apparatus according to claim 7,characterized in that 

the calculating means comprise means for taking into account the effective 
machine speed (effMS), multiplied by process gain K2, in calculating the 
moisture (Moi%est). process gain K2 being modelled by means of successful 
grade changes. 

20 9. An apparatus according to any one of claims 6 to 8, 

characterized in that the control means comprise calculating means 
for calculating the basis weight BWest included in a grade change model, such 
that 

BWest -BW3 +-BW4, 

25 wherein 

BW3 is the effective basis weight 

and 

BW4 is the effective basis weight correction. 
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